ilar to that of fiber to fiber case, but A' is not similar because of the effects of stress concentration. Figure 3 shows the result of dynamic fatigue test. The strength distribution in liquid nitrogen consists of two regions, (I) and (11). From equation (6), it is considered that region (I) indicates the comer portion break, but region (11) indicates fiber break. By using the date of region (I), we evaluated the n and B values followed below. n = 23, log B = -7.48,
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where B = From above experimental results, n value is similar to that of fiber to fiber case, B value is smaller than that of fiber to fiber case. In addition to the low waveguide propagation loss which was realized, spectroscopic properties of the doped glasses such as emission cross section and fluorescent lifetime are also important to achieve high gain. Phosphate glass is known as an excellent rare-earth host material in terms of its large emission cross section, and the weak interaction among rare-earth ions which causes concentration quenching. Therefore, it should be possible to fabricate waveguide lasers of relatively short waveguide length with high Er3+ concentration. We fabricated a channel waveguide on an Er3' doped phosphate laser glass (Kigre Q89) by a dry silver-film ion exchange technique; and characterized its gain properties. We chose Er3+ concentration of 1 X lo2" ions/cm3 so that no significant concentration quenching occurs. ing. Ion-exchange was performed at 180°C by applying DC electric field to the silver thin films deposited on both sides of the glass with Ti/W mask. The waveguide length after end polishmg was 1.8 cm. The effective refractive index of a planar waveguide measured at 632.8 nm was 1.573 for its fundamental TE mode, where the substrate index is 1.559. Small signal gain at 1.530 pm was measured by a Ti:sapphire pump laser at wavelength of 980 nm for the channel waveguide. Figure 1 shows the gain versus pump power characteristics. Approximately 20% of the pump power was absorbed by the waveguide. Only fundamental mode was excited by the focused Gaussian laser beam of 12 pm spot size in this multimode channel waveguide. The mode size of the pump and signal beam propagating in the channel waveguide was 9 X 2 p,m' and 11 X 3 pmZ, respectively. No upconversion luminescence was observed at visible wavelength up to the maximum excitation. Waveguide propagation loss was estimated to be 0.6 dB/cm, and the inherent loss due to the Er3+ absorption at the signal wavelength is approximately 3.7 dB. The observed gain is comparable to the total loss at the signal wavelength used for this measurement (1.530 pm), since it is shorter than the wavelength of the peak emission cross section (1.535 pm). However, higher gain is expected at longer wavelengths, where the emission cross section is larger than the absorption cross section.
Taking into account the larger cross section ratio of the emission to the absorption at 1.535 pm, we conclude that gain of the Er3+ doped phosphate glass waveguide fabricated by current method should exceed the total loss. Low threshold laser can be realized provided low propagation loss and high Er3+ concentration. Waveguide design for laser application will be discussed based on our experimental results, as well as the comparison of the gain characteristics with the waveguides fabricated by different methods and different material. Normal incidence (transverse) type of multiple quantum well (MQW) optical modulator is attractive for providing a large area in coupling the light in and out of the device and application in vertical opto-electronic integrating technology.' However, this type of modulator is limited by a relatively long optical interaction path and a high driving voltage requirement. These discrepancies can be highly improved by introducing the transverse type of symmetric Fabry-Perot (FP) structure in the vertical optical cavity on a substrate, where an intrinsic-MQW layer is sandwiched between two reflectors, this will increase the effective optical interaction length and reduce the applied voltage swing.' A thermally (post-process annealing) diffused QW (DFQW)3 is proposed here as an intrinsic material in the symmetric-FP vertical cavity for improving the modulator performance and to provide an operational wavelength tuning range. It is expected that this DFQWs based FP modulator will become an important candidate for the vertical integrating technology. The electro-optical property of the DFQW FPcavity modulator is analyzed here for its transmission strength T and field induced transmission change AT. Fig. 1 shows the schematic FP device which consists of an intrinsic layer (25 periods of 100 A/100 A Al,,,Ga,,As/ GaAs DFQW) sandwiched between two buffer layers in the cavity, and followed by two reflectors with identical reflectivity R doped as a p-i-n structure for electric contacts. The extent of diffusion is characterized by a diffusion length Ld (Ld = 0 represents the as-grow QW).3 T and AT can be determined from the absorp- It is interesting to note that the magnitude of AT (between F = 0 and 50 kV/ cm) is enhanced in the DFQW (Ld = 50 A) for all values of R, as compared to the Ld = 0 case, at a chosen operational wavelength X , , = 758 nm (to obtain maximum AT'S), see Fig. 2 . Analysis of the modulator is based on the non-normalized AT/ T spectra in the normal-OFF operational mode with an optimized R = 0.5 for the two Ld's, see The impurity induced disordering (IID) technique provides an efficient way to realize waveguiding structure in optoelectronic integrated circuits.' The masked implantation process produces a modification of the quantum well (QW) material which in turn modifies its refractive index? This creates a refractive index step between the implanted and nonimplanted regions and produces lateral confinement for photons in the lateral dimension, thus a 2-D waveguide is formed. Although there have been a lot of effort spent in studying the electronic and optical properties of the IID modified AlGaAs/GaAs QW structures, the detailed waveguiding properties of this type of devices is still not known. A detail model is considered here on the two dimensional IID waveguide structure and results indicate guiding requirements on the structure's dimension, effects on the optical confinement factor, and the wavelength requirement for single mode propagation.
The structure to be modeled consists of Al,,,Ga,,As/GaAs QWs (10 to 40 periods of 100 A wide well and barrier layers) and thick Al, ,Gao 7As buffer layer grown on a GaAs substrate; the schematic of the structure is shown in Fig. 1 . In our model, Ga' ion is implanted with a projected range located around the center of the QW layers. The annealing time and temperature in the simulation is 20 seconds and 900"C, respectively. In order to analyze the waveguiding properties accurately, the impurity density profile as-implanted was computed base on both experimental and simulation results? On the basis of these initial conditions, the 2-D impurity distribution after an annealing time t was then computed by solving a non-constant coefficient diffusion equation using a finite element method. This impurity concentration profile determines the 2-D dependent diffusion coefficient and thus the position dependent diffusion length of the Al/Ga atoms at any given time can be obtained. Using a previously developed model: a 2-D refractive index profile was then calculated from these diffusion lengths, as shown in Fig. 2 . The TE mode waveguide equation was solved using a finite difference method to determine the propagation coefficient, p, as well as the optical electric field profile, and followed by the determination of the optical confinement factor.
The parameters of the IID waveguide structure such as the mask width, L, , QW layer thickness, d, ion implantation energy, operational wavelengths, X, were varied in order to analyze the single and multiple mode waveguiding requirements. It is found that the waveguide dimension, that is the mask width and the thickness of the multi-QW layers, should be at least half of the dimension of the propagation wavelength to provide a satisfactory wave confinement factor of -0.5. In fact guiding was found to be sup-
